Abstract. The first objective of this contribution is to evaluate the performance of SRI equity mutual funds in the main European countries with three different DEA models. Secondly, with a series of statistical tests we compare the performance of SRI and non SRI mutual funds in the various countries, to determine if SRI mutual funds have to sacrifice something in terms of financial performance. Thirdly, we compare the performance obtained by SRI mutual funds among the different European countries.
Introduction
Socially responsible investment (SRI) funds have seen an increasing interest among investors.
Given the ethical considerations which drive socially responsible investments in mutual funds, investors might be willing to accept for SRI mutual funds lower financial returns. Actually, the literature on ethical investing has long investigated the issue of the eventual penalisation incurred by investments in SRI mutual funds, in search for an answer to the question whether it is possible "to do well while doing good"; see for example [8] and [9] for a brief review. The answer which comes out from many empirical investigations are somewhat surprising, since most of the results suggest that it is not necessary to sacrifice returns in order to pursue ethical objectives.
The main aims of this contribution are threefold. The first objective is to evaluate the performance of SRI equity mutual funds in the main European countries in which the socially responsible mutual funds play an important role. To this aim we apply three models designed in a DEA (data envelopment analysis) framework. DEA is an operational research technique widely used to assess the performance of a set of decision making units in many different fields, specially useful because it enables to take into account both the financial objective to get an optimal reward-to-risk result and the ethical aim (see [5] and [6] ). Secondly, we compare the performance indicators for SRI and non SRI mutual funds in the various countries carrying out a series of statistical tests, with the aim of determining if the socially responsible mutual funds really entail a sacrifice in terms of financial performance. Thirdly, we compare the results obtained by SRI mutual funds in the different European countries.
The paper is organized as follows. Section 2 presents the main features of SRI mutual funds in Europe. Section 3 discusses the empirical results of the analysis carried out to evaluate the performance of SRI funds of the main European countries, while Section 4 presents the outcomes of the comparisons of the efficiency scores carried out with a series of statistical tests.
SRI mutual funds in Europe
On 30/06/2006, at the beginning of the triennium considered in our analysis, the number of European SRI funds was equal to 388, spread over 15 countries (Austria, Belgium, Denmark, Finland, France, Germany, Ireland, Italy, Norway, Poland, Spain, Sweden, Switzerland, Netherlands, United Kingdom; see [11] ). Three years later, on 30/06/2009, this number has increased to 683 (+76 %). In the same period the total asset under management increased from 34009 to 53276 million euros, with a growth of +57 %, showing the importance reached in Europe by the socially responsible investments.
For a more detailed presentation of the main features of socially responsible investing in Europe we refer to the Eurosif report [7] which analyses their presence in each European country. The analysis presented in this contribution considers the European socially respon- sible funds which use ethical, social and/or environmental screening to select the assets in their portfolios.
In the analysis carried out we have included all the SRI European equity funds for which the data in the 'SRI Funds Service' database were available for the period 30/06/2006 to 30/06/2009. The number of SRI equity funds selected in this way is equal to 190; their distribution for the various European countries is reported in table 1, where they are grouped by country of domicile. As we can see, in the period considered the SRI funds are mainly concentrated in few countries, namely France, Luxembourg, Sweden and United Kingdom, and the analysis presented in this paper is focused on these countries.
In order to compare the performance of SRI mutual funds with that of traditional non SRI funds, we have also analysed a set of non socially responsible funds. More precisely, we have included some non SRI equity funds with features analogous to those of the European SRI funds: for each SRI fund considered, a non SRI fund with similar features and a similar investment style was selected among those offered by the same fund company, whenever one such fund was available in the Morningstar Europe database (notice that one such fund do not always exists). Morningstar Europe). We may observe that the average values for the SRI and non SRI funds are fairly close, although the SRI funds exhibit a slightly higher mean return as well as a slightly higher standard deviation. The Welch's t test for equality of the means and the Ftest for equality of the variances, however, indicate that the differences are not statistically significant, thus confirming the conclusions of most of the empirical studies (for a review of the empirical results on the comparison of the risk-return characteristics of SRI/non SRI mutual fund see e.g. [9] ).
With regard to the returns obtained by the mutual funds in the period considered, they are negative for most funds, due to the financial crisis, as are the excess returns. Of course, their average value differs among the various countries; in particular, the mutual funds of Sweden and UK seem to have better faced the crisis in this slump period.
The fourth column of table 1 reports the mean ethical level of SRI mutual funds by country; the ethical level of all funds 1 ≤ j ≤ n has been computed with the ethical measure e j proposed in [6] , which takes into account both the positive and negative screening features and the eventual presence of an ethical committee and takes values in the interval [0, 5] . As it can be seen, the mean ethical level varies substantially among the countries, meaning that in some countries the social responsibility of SRI mutual tends to be higher than in others. Table 2 exhibits the frequency distribution for France, Luxembourg, Sweden and UK, the four countries with the highest numbers of SRI equity funds. We may observe that the rating distributions of France and Sweden are concentrated in the lower value classes, while those of Luxembourg and UK show a somewhat more symmetric behaviour.
3 Empirical results: analysis of the performance of SRI funds of the main European countries
In this section we present the results of the empirical analysis carried out to assess the performance of SRI equity mutual funds in France, Luxembourg, Sweden and UK, i.e. the four European countries with the highest number of SRI mutual funds.
In this empirical analysis we have evaluated the performance of SRI and non SRI mutual funds by using three DEA models which can be applied even in slump periods and have been proposed in [6] ; for the sake of brevity, we refer to [6] for the details of these models.
Adopting the same terminology and notation used in [6] , we denote by I DEA−S the efficiency score obtained with the DEA model for slump periods, DEA-S, by solving the relative optimisation problem; this model has non negative values of all the variables even when the mean returns are negative and does not take the ethical level into consideration. Its inputs are the initial capital invested (assumed equal to 1), the standard deviation of the returns of the mutual funds and the initial and exit charges, while the only output is the mean annual capitalization factor, i.e. 1 plus the mean return (see table 1 for the average values for each country).
Analogously, we denote by I DEA−SE the efficiency score computed with the DEA-SE model which inserts also the ethical level among the outputs. Finally, we indicate with I DEA−SEef the efficiency score computed with the DEA model which assumes that the ethical level is exogenously fixed, DEA-SEef. Tables 3-6 show the results of the analysis carried out on the single countries. The first columns of these tables display the features taken into account in the analysis for all mutual funds. The last columns, instead, report the main results of the performance analysis obtained with the three DEA models considered, namely the value of the performance indexes I DEA−S , I DEA−SE and I DEA−SEef , as well as the ranking obtained with such models (in brackets).
It can be proved that the values of the three performance indexes computed coincide for the non SRI funds, while for the socially responsible funds we have I DEA−SE ≥ I DEA−SEef ≥ I DEA−S . Hence, the funds which are efficient with the DEA-S model (that have I DEA−S = 1) remain efficient also with the other two models. Moreover, let us observe that the fact that the two DEA models devised for socially responsible behaviour raise the value of the performance index of the SRI funds, while keeping it constant for the non SRI funds, does change the overall ranking, even for the non SRI funds.
In accordance with the fundamental idea of the DEA technique, it can be seen that a fund which excels with respect to one of the input or output variables is generally efficient: therefore it is efficient the fund with the highest mean return, the fund with the lowest standard deviation, the fund with the highest ethical level.
We may also notice that, for all the countries, the value of the I DEA−SE and I DEA−SEef indexes and the relative ranking of the SRI funds are often very closed while they differ more notably with respect to the value of I DEA−S . This seem to indicate that considering the ethical level as fixed a priori does not affect the performance results significantly, while the inclusion of the ethical level in the analysis does raise the results of the SRI funds considerably. On the other hand, when the ethical level is considered, the number of efficient funds among the SRI mutual funds roughly double. This can be seen from Tables 7, which reports some statistics on the results of the analysis carried out on the single countries, useful to compare the performance results of socially responsible and non socially responsible mutual funds computed with the three DEA models considered. From this table we may also observe that the rate of SRI funds above the median of the performance score 4 Tabella 3: Empirical results of the analysis of the performance of French SRI mutual funds. The last columns report the value of the performance indexes I DEA−S , I DEA−SE and I DEA−SEef and (in brackets) the relative ranking. of a country increases markedly for the two DEA models which takes the ethical level into consideration.
As for the differences among the various countries, we may observe that the SRI mutual funds on average exhibit a slightly better performance than the non SRI funds in France and Sweden, even considering the results of I DEA−S which do not take the ethical level into account, while the opposite occurs in Luxembourg and UK. It remains to be seen if these differences are statistically significant, and this issue will be considered in next section. On the other hand, the results obtained using I DEA−SE and I DEA−SEef , which explicitly consider the socially responsible behaviour, considerably improve the performance of SRI funds for all the countries. In next section we will also test whether the results among the different countries are statistically significant.
Empirical results: efficiency comparisons
As we have outlined in the introduction, the literature is not in complete accord on the connection between social responsibility and the financial performance of SRI mutual funds (for a discussion on this issue see for example [8] and [9] ). It is therefore interesting to see which indications come out from the results of our analysis concerning the European funds in the period 30/06/2006-30/06/2009.
We have seen in the previous section that the average value and the variance of the mean returns of SRI mutual funds do not differ statistically different from those of non SRI funds. Now let us compare the performance results of SRI and non SRI mutual funds and test wether their differences are statistically significant. To this aim we apply some statistical tests specially designed for the DEA performance scores.
Indeed, an advantage of the DEA methodology is that it gives the possibility to test the (eventual) presence of differences in the performance score between two groups of decision making units. The statistical tests proposed in the literature to verify the presence of these differences come from two different approaches which date back to Banker [1] and Simar and Wilson [10] , respectively, and are based on different hypothesis on the underlying datagenerating process. There is discussion on which approach is to be preferred, and we can find empirical applications of both; in this paper we apply several tests reported in [3] , which are based on different assumptions on the distribution of the "true" inefficiency measure.
More precisely, we have computed the three tests which assume that the deviations of the actual output from the production frontier arise only from a stochastic inefficiency term (see [3] , par. 11.2.2) and [2] : A1. a test based on the assumption that the logarithm of the true inefficiency is exponentially distributed; in this case, under the null hypothesis H 0 the test statistics is distributed as an F distribution;
A2. a test based on the assumption that under the null hypothesis the logarithm of the true inefficiency is distributed as half-normal; under H 0 the test statistics is again distributed as an F distribution;
A3. a test with no assumptions on the distribution of the true inefficiency: the KolmogorovSmirnov's test statistics for the equality of the distributions of the logarithm of the true inefficiency between the two groups.
In addition, we have computed also five tests suitable when the data generating process involves both an inefficiency term and a noise term independent of the inefficiency (see [3] , par. 11.4.1):
B1. a test based on the statistical significance of the slope parameter of a regression of the DEA inefficiency scores on a dummy variable;
B2. a test designed to evaluate the null hypothesis that there is no difference in the mean inefficiency between the two groups;
B3. a test designed to evaluate the equality of the median of the inefficiencies between the two groups;
B4. the Mann-Whitney test to compare the DEA efficiency scores of the two groups;
B5. a Kolmogorov-Smirnov's test to compare the distributions of the DEA inefficiencies between the two groups.
For each country (France, Luxembourg, Sweden, UK) we have computed these 8 tests to compare the DEA performance of the SRI and non SRI mutual funds. As for the DEA model used in these comparisons, we were specially interested in testing the differences for the DEA-S model that does not give any reward to the SRI funds. In agreement with most of the empirical results reported in the literature, with a 0.05 significance level all the tests carried out lead to accept the null hypothesis of no differences.
We have also replicated the tests with the DEA-SE model, and we expected results more favourable to the SRI funds. This actually happens, but only in some cases the tests indicate that the alternative hypothesis H 1 of different distributions for the DEA efficiencies can be accepted: for France, Sweden and UK, in particular with the two Kolmogorov-Smirnov's tests (A3 and B5) which seem to reject the null hypothesis more frequently.
Moreover, we have carried out a second series of tests with the aim to compare the DEA efficiency of the SRI mutual funds across the countries. In order to do so, we have computed the DEA efficiency scores for all the European funds considered all together and then we have tested the differences between pairs of countries; the tests have been carried out both with the DEA-S model that considers only the financial inputs and outputs and the DEA-SE model that takes into account also the ethical level.
The main results are summarized in table 8, which shows which hypothesis, H 0 or H 1 , is accepted using a 0.05 significance level; the p-values of the test are also reported. This table reports the results obtained with the the two Kolmogorov-Smirnov's tests (A3 and B5) ; the other tests, with the exception of the test B1 based on a regression, which never leads to reject the null hypothesis, generally give similar results, with few exceptions. Let us observe that using the DEA-S model the tests suggest that the differences in the performance scores are statistically significant for all the comparisons. On the other hand, if we take the ethical 12 level into consideration, using the DEA-SE model, in two cases (for the pairs FR-LU and LU-UK) the differences in the DEA scores are no longer statistically significant. We have also tested if the differences remains valid also for the non SRI funds, by comparing all the funds (both SRI and non SRI ones) of the two countries considered; from table 8 we may see that the hypothesis that is accepted changes only for the comparison between France and Luxembourg. Table 9 shows the winner of each pairwise comparison, when the differences in the performance scores are statistically significant. We denote by country 1 ≻ country 2 the pairs in which the "winner" (with the highest values of the performance scores) is country 1, and by country 1 ≺ country 2 the pairs in which the winner is country 2. We may observe that the "winner" among all the countries considered is undoubtedly Sweden, while the "looser" (the country with the lowest values of the efficiency score) is Luxembourg if the scores are computed with the DEA-S model and it is France if they are computed with the DEA-SE model. On the other hand, this can be explained by remembering that the ethical level of Luxembourgian SRI funds is on average higher than that of French funds.
